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(54) DEVICE AND METHOD FOR SEARCHING FOR RELEVANT FUNCTION 

(57)Abstract: 

PROBLEM TO BE SOLVED: To solve the problem that a 
precise relevant function can not be obtained by a 
conventional relevant function searching device and its 
method, which represent the relation between input data 
and output data as various functions and search for the 
function matching the input data and output data most 
among those functions according to genetic algorithm, if 
the given data are small or include disturbance or noise. 
SOLUTION: For the purpose, the degree of satisfaction 
of restrictions previously given as to some relation 
function among plural relevant functions is inspected 
when the relevant function is selected according to the 
adaptivity to input/output data. 
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* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2. **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] As opposed to the functional element for describing the related function showing the relation 
between I/O datas, and a part or all of a parameter A generation evolution means to perform hereditary 
actuation and to generate a next-generation related function from said related function, A parameter 
estimation means to presume the optimum value of said parameter about the related function of said next 
generation generated by said generation evolution means, An evaluation means to evaluate the fitness to 
said I/O data of the related function of said next generation the optimum value of said parameter was 
presumed to be by said parameter estimation means, It is related fUnction retrieval equipment which 
comes to provide from from a selection means to choose some related functions based on said fitness 
among the related functions of two or more of said next generation evaluated by said evaluation means. 
With said parameter estimation means About the related function of said next generation with which the 
optimum value of said parameter was presumed, it is related with said related function. Related function 
retrieval equipment with which it has a function constraint inspection means to inspect the satisfaction 
level to the constraint given beforehand, and said selection means comes to choose said related function 
based on said fitness and said satisfaction level inspected by said function constraint inspection means. 
[Claim 2] Related function retrieval equipment according to claim 1 which is theoretical constraint 
according to the physical model with which said constraint was beforehand given about said related 
function. 

[Claim 3] Related function retrieval equipment according to claim 1 or 2 which comes to optimize the 
parameter by which expresses by the linear combination of the function subset with which said related 
function combined the variable corresponding to said input data for the variable corresponding to said 
output data, and said functional element, and said evaluation means multiplies each function subset. 
[Claim 4] As opposed to the functional element for describing the related function showing the relation 
between I/O datas, and a part or all of a parameter Hereditary actuation A next-generation related 
function from a deed and said related function About the procedure to generate and the related function 
of said next generation among the procedure of presuming the optimum value of said parameter, the 
procedure of evaluating the fitness to said I/O data of the related function of said next generation with 
which the optimum value of said parameter was presumed, and the related function of two or more of 
said next generation [ from ] It is related with said related function about the related function of said 
next generation with which it is the related function retrieval approach using the computer which repeats 
the procedure which chooses some related functions based on said fitness, and obtains the optimal 
related function, and the optimum value of said parameter was presumed. The related function retrieval 
approach of performing the selection based on said fitness and said satisfaction level in case the 
satisfaction level to the constraint given beforehand is inspected and some related functions are chosen 
from from among the related functions of two or more of said next generation. 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention expresses the relation between input data and output data with 
various functions, and relates to the related function retrieval equipment which searches for the function 
which was most adapted for said input data and output data from from among these functions, and its 
approach according to a genetic algorithm. 
[0002] 

[Description of the Prior Art] For example, various functions express the relation between input data and 
output data to JP,9-44466,A, and the related function retrieval equipment which searches for the 
function which was most adapted for said input data and output data (I/O data) from from among these 
functions, and its approach are indicated according to the genetic algorithm. The related function 
retrieval equipment applied to said official report as indicated by said official report, and its approach 
are John Koza of Stanford University. It is the technique which improved the technique advocated by 
the professor. Above Koza As opposed to the set of a related function whose technique by the professor 
expresses the relation between I/O datas Exchange some elements of said related function, or 
(Decussation), By repeating the procedure which performs hereditary actuation (mutation) of throwing 
in a new element, generates the set of a next-generation related function, and chooses the high related 
function of evaluation among the sets of the related function of the generated next generation The set of 
said related function is evolved and, finally the related function which was most adapted for the I / O 
data is obtained. Above Koza The relation between the obtained I/O datas can be grasped in the 
technique by the professor from the outside, and there is an advantage that it is not necessary to fix 
beforehand the function which gives the relation between I/O datas like identification by linear 
regression or non-linear regression in it. Here, said related function is described to the variable 
corresponding to input data and output data combining parameters, such as a function (functional 
element) used as elements, such as four operations, an exponential function, a logarithmic function, and 
a trigonometric function, a multiplier by which these functional elements are multiplied, and a constant 
to apply. Above Koza By the technique by the professor, all the elements used for describing said 
related function are made into the object of hereditary actuation of decussation, mutation, etc. Not only 
the existence of a parameter but its numeric value is included in the object of hereditary actuation. Since 
there is alternative of the numeric value of a parameter almost innumerably, count of most amount is 
needed for making it converge. On the other hand, by the related function retrieval equipment 
concerning said official report, and its approach, the numeric value of a parameter is removed from the 
object of said hereditary actuation. About the numeric value of a parameter, after said hereditary 
actuation is performed, it is set by performing optimization count of each relation function to said I/O 
data. 

[0003] Here, the example of an outline configuration and the flow of processing of the related function 
retrieval equipment applied to said official report at drawing 4 are shown. The related function retrieval 
equipment 1 concerning said official report is used combining an information processor 2, and possesses 
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the function generation means 3, the generation evolution means 4, the function simplification means 5, 
the contradiction function inspection means 6, the parameter estimation means 7, the evaluation means 
8, and the selection means 9. Moreover, an information processor 2 possesses the input means 10, a 
processor 1 1, the output means 12, and the storage means 13, for example, is materialized as a common 
computer. When the related function retrieval equipment 1 concerning said official report is explained 
more concretely, the target input data and output data are stored in the I/O data file 14 of the storage 
means 13 using the input means 10 of an information processor 2. The function generation means 3 of 
said related function retrieval equipment 1 generates two or more related functions showing the relation 
of the input data and the output data which were stored in the I/O data file 14. Said related function 
consists of the variable corresponding to a I / O data, a functional element, and a parameter as it was 
mentioned already. Two or more storing of the functional element is carried out at the functional- 
element file 15 of the storage means 13. The function generation means 3 is arranged combining at 
random the functional element read from the functional-element file 15, and a variable and a parameter, 
for example, - supposing the variables corresponding to input data are XI and X2 and the variable 
corresponding to output data is Y - a functional element (cos), (+), and (*) Said related function is 
expressed like Y=aXl+bcos (X2) and Y=acos(bXl)+X2 using Parameters a and b. The related function 
generated by the function generation means 3 is stored in the related function file 16 of the storage 
means 13. The generation evolution means 4 generates a next-generation related function to said related 
function read from the related function file 16 from said related function which performed and read 
hereditary actuation of decussation, mutation, evolution out of balance, etc. 

[0004] Reading the related function of the next generation generated by the generation evolution means 
4 from the related function file 16, and referring to the simplification Ruhr file 21, if the function 
simplification means 5 does not take the numeric value of a parameter into consideration, it rewrites the 
related function of said next generation in the function which becomes synonymous. For example, 
suppose that a part called X(a+b) 1 is contained in said related function. When not taking the numeric 
value of a parameter into consideration, X(a+b) 1 is synonymous with cXl which used one parameter c. 
In this case, the function simplification means 5 rewrites X(a+b) one to cXl, and is simplified. The 
contents of rewriting are recorded on the related function file 16. About the related function of the next 
generation simplified by the function simplification means 5, referring to the inspection Ruhr file 22, the 
contradiction function inspection means 6 sorts out a related function irrational as a formula, and 
eliminates it from the related function file 16. The parameter estimation means 7 presumes the optimum 
value of said parameter about the related function of the next generation rational as a formula left behind 
to the related function file 16. For example, when calculating the optimum value of a parameter by 
linear-regression count, a value from which total of a square error with said I/O data serves as min will 
be calculated as a numeric value of a parameter. The numeric value of the called-for parameter is 
recorded on the related function file 16. When the numeric value of a parameter is recorded on the 
related function file 16 by the parameter estimation means 7, two or more storing of the most important 
related function will be carried out respectively at the related function file 16. The evaluation means 8 
evaluates the fitness to the I / O data of these relation function. Total of a square error with each I/O 
data, the inverse number of the weight sum, etc. are used for fitness. The called-for fitness is matched 
with each relation function, and is recorded on the related function file 16. It is the selection as used in 
the field of a living thing which the selection means 9 performs. The selection means 9 chooses some 
related functions from from based on said fitness among the related functions of the next generation 
stored in the related function file 16. For example, a fixed number of related functions are chosen from 
the high related function of fitness as order, or the probability proportional to fitness is assigned and 
extracted in each relation function. The related function chosen by the selection means 9 is supplied to 
the generation evolution means 4 through the related function file 16, and processing from processing by 
the generation evolution means 4 mentioned above to processing by the selection means 9 is repeated. 
The related function which the generation of said related function took for progressing, and was adapted 
with the given I/O data is called for, and, finally a related function with a required precision is 
acquired. 
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[0005] 

[Problem(s) to be Solved by the Invention] Said related function called for by the related function 
retrieval equipment concerning said official report and its approach expresses the relation between I/O 
datas within the limits of the given data with a sufficient precision. However, said related function called 
for by the related function retrieval equipment concerning said official report and its approach 
guarantees the precision even neither about a field with little data, nor the field of the given data out of 
range. Moreover, if disturbance and a noise are mixed in the given data, said related function will be 
adapted also to them. For this reason, change of disturbance and the condition of a noise will reduce the 
precision of said related function sharply. For example, suppose that the I / O data as shown in drawing 
5 (a) is obtained. Although disturbance and a noise are contained in this I/O data, both have the relation 
of the increment in monotone as originally shown in drawing 5 (b). A related function as shown in 
drawing 5 (c) which corresponded with a sufficient precision to this I/O data is obtained by the related 
function retrieval equipment applied to said official report about this I / O data, and its approach. In the 
example of drawing 5 , the relation between I/O datas will shift from the actual condition greatly in the 
field of the data divided and given out of range. Thus, the related function retrieval equipment 
concerning said official report and its approach tend to be influenced by the quality and the amount of 
data which were given, and if they are not enough, even if it predicts output data from input data using 
said related function, as for a forecast, only the part will differ from an actual value. By the way, it is 
also possible to predict output data from input data about the relation between said I/O datas, using the 
theoretical model, when the theoretical model is known beforehand. However, even if it is satisfactory 
qualitatively, many things inferior to a quantitive precision exist in said theoretical model. When 
actually using the theoretical model inferior to a quantitive precision, it may only be insufficient to 
optimize a parameter and the alteration of adding a correction term may be needed. Although it is based 
on experience etc. and it will be chosen whether it is a gap since much alternative exists about an 
alteration, it is difficult in a needed precision stability and to obtain efficiently. In order that this 
invention may solve the technical problem in such a Prior art, related function retrieval equipment and 
its approach are improved. The relation between I / O datas with various functions By expressing, and 
taking into consideration the theoretical constraint and the qualitative constraint which were given 
beforehand, in case the function which was most adapted for the I / O data from from among these 
functions is obtained according to a genetic algorithm It aims at offering stability, the related function 
retrieval equipment which can be obtained efficiently, and its approach for an accurate function that it 
cannot be easily influenced by the quality or the amount of data. 
[0006] 

[Means for Solving the Problem] In order to attain the above-mentioned purpose, invention concerning 
claim 1 As opposed to the functional element for describing the related function showing the relation 
between I/O datas, and a part or all of a parameter A generation evolution means to perform hereditary 
actuation and to generate a next-generation related function from said related function, A parameter 
estimation means to presume the optimum value of said parameter about the related function of said next 
generation generated by said generation evolution means, An evaluation means to evaluate the fitness to 
said I/O data of the related function of said next generation the optimum value of said parameter was 
presumed to be by said parameter estimation means, It is related function retrieval equipment which 
comes to provide from from a selection means to choose some related functions based on said fitness 
among the related functions of two or more of said next generation evaluated by said evaluation means. 
With said parameter estimation means About the related function of said next generation with which the 
optimum value of said parameter was presumed, it is related with said related function. It has a function 
constraint inspection means to inspect the satisfaction level to the constraint given beforehand, and said 
selection means is constituted as related function retrieval equipment which comes to choose said related 
function based on said fitness and said satisfaction level inspected by said function constraint inspection 
means. Moreover, invention concerning claim 2 makes it the summary to be theoretical constraint 
according to the physical model with which said constraint was beforehand given about said related 
function in said related function retrieval equipment according to claim 1. Moreover, in said related 
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function retrieval equipment according to claim 1 or 2, the linear combination of the function subset 
with which said related function combined the variable corresponding to said input data for the variable 
corresponding to said output data and said functional element expresses invention concerning claim 3, 
and said evaluation means makes it the summary to come to optimize the parameter by which each 
function subset is multiplied. Moreover, invention concerning claim 4 receives the functional element 
for describing the related function showing the relation between I/O datas, and a part or all of a 
parameter. Hereditary actuation A next-generation related function from a deed and said related function 
About the procedure to generate and the related function of said next generation among the procedure of 
presuming the optimum value of said parameter, the procedure of evaluating the fitness to said I/O data 
of the related function of said next generation with which the optimum value of said parameter was 
presumed, and the related function of two or more of said next generation [ from ] It is related with said 
related function about the related function of said next generation with which it is the related function 
retrieval approach using the computer which repeats the procedure which chooses some related 
functions based on said fitness, and obtains the optimal related function, and the optimum value of said 
parameter was presumed. In case the satisfaction level to the constraint given beforehand is inspected 
and some related functions are chosen from from among the related functions of two or more of said 
next generation, it is the related function retrieval approach of performing the selection based on said 
fitness and said satisfaction level. In case the related function which expresses the relation between I/O 
datas with the related function retrieval equipment of a publication or its approach to any 1 term of said 
claims 1-4 is chosen so that it may be adapted for a I / O data, the theoretical constraint given 
beforehand and the qualitative constraint obtained experientially are taken into consideration. In case 
said related function is generated, the versatility is not restricted, but if there is an irrational place in a 
physical property etc., the related function will be screened in the case of selection. The related function 
finally obtained becomes a thing according to said constraint which it is accurate for and cannot be 
easily influenced by the quality or the amount of data. Furthermore, the variable corresponding to said 
output data of said related function is expressed with said related function retrieval equipment according 
to claim 3 by the linear combination of the function subset which combined the variable corresponding 
to said input data, and said functional element. Since a parameter is not contained in said function 
subset, said evaluation means does not need to solve the optimization problem of a nonlinear function to 
the parameter by which said function subset is multiplied. Moreover, the versatility of said related 
function can be secured with the versatility of said function subset. For this reason, the time amount 
taken to optimize said parameter can be shortened, without making the versatility and nonlinearity of 
said related function lose. 
[0007] 

[Embodiment of the Invention] Hereafter, with reference to an accompanying drawing, it explains per 
gestalt of operation of this invention. Drawing 1 is drawing showing the outline configuration and the 
flow of processing of the related function retrieval equipment concerning the gestalt of operation of this 
invention. Related function retrieval equipment 1 1 concerning the gestalt of operation of this invention 
is the same as that of equipment conventionally at the point of it being used combining the information 
processor 2 which consists of the input means 10, a processor 1 1, an output means 12, and a storage 
means 13, and providing the function generation means 3, the generation evolution means 4, a function 
simplification means 5, a contradiction function inspection means 6, a parameter-estimation means 7, an 
evaluation means 8, and a selection means 9 as shown in drawing 1 . Below, as long as there is no need 
about the contents which are conventionally common to equipment 1, the publication is omitted, and 
difference with the conventional equipment 1 of related function retrieval equipment V is explained. 
Related function retrieval equipment V concerning the gestalt of operation of this invention searches for 
the relation between deformation resistance k, and the close side plate thickness H, the appearance side 
plate thickness h, the absolute temperature T of a plate and the work roll radius R in thick plate rolling. 
In said related function retrieval equipment T, deformation resistance k is used for the variable 
corresponding to the output data of the related function which the function generation means 3 
generates, and exp (1/T), R/h, and four variables of r and H are used for the variable corresponding to 
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input data, the functional element which describes said related function to each variable ~ for example, 
(-1) The nine functional elements (root), (In), (exp),(/), (*), (-), (+), and (1) are used. These functional 
elements are beforehand stored in the functional-element file 15. Like the function generation means 3 
of equipment before, the function generation means 3 concerning the gestalt of operation of this 
invention only arranges the variable corresponding to each input data, said functional element, and a 
parameter at random, and does not generate said related function. 

[0008] The related function which the function generation means 3 generates is described by the linear 
combination of the function subset which combined the variable and functional element corresponding 
to input data. For example, supposing said related function is described by the linear combination of said 
five function subsets exl, ex2, ~, ex5, when a parameter is expressed by al, a2, — , a6, the related 
function which the function generation means 3 generates becomes as a degree type (1). 
k=al *ex 1 +a2*ex2+a3 *ex3+a4*ex4+a5 *ex5+a6 ( 1 ) 

The function generation means 3 defines the combination of the number of said function subsets, the 
variable corresponding to said input data in each function subset, and said functional element at random, 
for example, and generates two or more said related functions. The number of said function subsets is 
defined beforehand, and you may make it define only the combination of the variable corresponding to 
said input data in each function subset, and said functional element at random. The generation evolution 
means 4 performs hereditary actuation of decussation, mutation, etc. only about the inside of each 
function subset of each relation function, respectively so that the structure of said related function 
expressed by the linear combination of said related subset may not be changed. Of course, even if it 
performs actuation which fluctuates the number of said function subsets or makes a functional element 
cross within each function subset, the structure of said related function does not change. Although the 
component of said related function will be symbolized in order to perform hereditary actuation, a 
formula like an upper type (1) can be transposed to a symbol string by making the variable and 
functional element corresponding to output data into a node, for example, and expressing these by the 
Polish notation. If the function simplification means 5 does not take the numeric value of a parameter 
into consideration, when there is a function which becomes synonymous conventionally like the thing of 
equipment 1, it simplifies said related function to it. In this equipment 1', since the structure of said 
related function is restricted to the linear combination of said function subset, a typical example is 
performing actuation which transposes these to one function subset, when two or more same function 
subsets exist among the function subsets which constitute said related function, for example. The 
parameter estimation means 7 reads a data constellation from the I/O data file 14, defines each variable, 
and calculates each parameters al and a2 and the optimum value of—. The linear combination of said 
function subset expressed said related function for mitigating a load in the case of this optimization 
count. If said functional element and parameter are arranged at random and said related function is 
generated, the parameter which should be optimized in a nonlinear function may be contained. In this 
case, in order to define a parameter, a nonlinear optimization problem must be solved and there is a 
possibility that optimum-value count of a parameter may take huge time amount. What is necessary is 
just to perform optimization count of a linear function about a parameter, though nonlinearity will be 
given to said related function, if the linear combination of said function subset expresses said related 
function as mentioned above. Moreover, the versatility of said related function is secured with the 
versatility of each function subset. Consequently, it can prevent that the time amount which optimum- 
value count of a parameter takes increases remarkably, without making the versatility and nonlinearity 
of said related function lose. 

[0009] It inspects whether the function constraint inspection means 23 has satisfied the constraint to 
which each relation function with which the numeric value of a parameter was defined in this way was 
beforehand given to said related function. Said constraint concerning the gestalt of this operation is 
theoretical constraint based on the physical model of the degree type for example, about the deformation 
resistance k. It is known that deformation resistance k can be expressed as a degree type using the close 
side plate thickness H, the appearance side plate thickness h, and the absolute temperature T of a plate. 
k=exp(Al/(T+273)+A2) * (In (H/h)) A3*h A4 however Al and A2, A3, and A4 are multipliers. From 
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the physical model about said deformation resistance k, theoretical constraint that the rate of change of 
deformation resistance becomes small" is defined as convex or distortion becomes [ change of 
deformation resistance ] large to change of "distortion about the deformation resistance k in the band of 
temperature data and distortion epsilon=ln (H/h) to be used. If this theoretical constraint is too strong, 
said related function will be restricted to a physical model. It is desirable to give minimum constraint of 
extent which can remove an irrational related function theoretically. Said theoretical constraint is stored 
in the theoretical constraint file 24, and is read by the function constraint inspection means 23 at the time 
of the need. The function constraint inspection means 23 fixes the close side plate thickness H, the 
absolute temperature T of a plate, and the roll radius R to constant value among the variables of for 
example, each relation function, changes the appearance side plate thickness h by predetermined unit 
width of face from a upper limit to a lower limit, and inspects whether theoretical constraint which each 
relation function mentioned above is satisfied. When constraint with said theoretical related function is 
not satisfied, a fixed penalty which decreases the fitness which the evaluation means 8 evaluates is 
matched with the related function concerned by the function constraint inspection means 23. On the 
other hand, when constraint with said theoretical related function is satisfied, said penalty is not 
imposed, namely, a penalty 0 is matched. Said penalty is an example of the satisfaction level in this 
invention. What is necessary is for said satisfaction level just to raise relatively evaluation of the related 
function with which are satisfied of said theoretical constraint to the related function with which are not 
satisfied of said theoretical constraint, although size relation of said satisfaction level [ penalty and said 
satisfaction level ] does not correspond. For example, only said related function with which are satisfied 
of said theoretical constraint may be made to carry out the increment in a constant rate of the fitness. 
Moreover, although said satisfaction level will take two different values according to whether said 
theoretical constraint is satisfied in these cases, two or more theoretical constraint is imposed, for 
example, and you may make it define said satisfaction level of a multiple value according to the number 
of the constraint to satisfy. About the related function with which said penalty was matched, whenever 
[ said evaluation / which was called for by the evaluation means 8 ] is decreased by the penalty. The 
selection means 9 chooses a fixed number of related functions from a thing with said high fitness as 
order based on the fitness of said related function with which a part for a penalty was added. For this 
reason, possibility that said related function with which are not satisfied of said theoretical constraint 
will be screened becomes large. Only said related function chosen by the selection means 9 is read by 
the generation evolution means 4, and a series of processings from processing to processing by the 
selection means 9 are henceforth repeated by the generation evolution means 4. When the fitness of said 
related function becomes more than constant value, it may be made to end, and this repeat may be 
terminated when it becomes the count appointed beforehand. What is necessary is just to set up the 
number of the count of a repeat, and said related functions when generating said related function, the 
probability of said hereditary actuation, etc., in case for example, the aforementioned I/O data is 
inputted. 

[0010] Said related function finally obtained became as for example, the degree type (2) by repeating 
such processing. 
[Equation 1] 
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On the other hand, the same I/O data and said related function for which it was conventionally searched 
by equipment 1 about the functional element became as the degree type (3). 
[Equation 2] 

k=al*exl + a2*ex2 + a3*ex3 + a4*ex4 + a6*ex5 + a6 
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Here, when the theoretical model with which it was expressed by the upper type (1) is used (PI) and it is 
conventionally based on equipment 1 (P2), the size of the standard deviation (precision) of the true 
value/forecast in the case (P3) of being based on this equipment V is compared, and it is shown in 
drawing 2 . It is inaccurate, when being based on conventional equipment 1 as shown in drawing 2 (P2), 
and when being based on a theoretical model compared with the case (P3) where it is based on this 
equipment V (PI). Although it is [ in the case (P3) of being based on this equipment 1' by the case (P3) 
where it is based on the case (P2) where it is conventionally based on equipment 1, and this equipment 
T ] more accurate, compared with the case (PI) where it is based on a theoretical model, the difference 
is small. However, if output data are predicted from input data using the data of a different band from 
the I / O data used for asking for said related function when said related function is conventionally 
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defined with equipment 1, the prediction will differ from an actual value greatly. In the example shown 
in drawing 3 , when rolling reduction r=(H-h)/H is in 0.1-0.4, the deformation resistance k 
conventionally calculated by equipment 1 is a realistic value, but if rolling reduction r is set to 0.5, it 
will become an unreal remarkable high value. On the other hand, the deformation resistance k calculated 
by this equipment 1' serves as a value which **(ed) for the implementation elephant, even if rolling 
reduction r is set to 0.5. 

[001 1] Thus, since it is judged whether theoretical constraint satisfies and the fitness of said related 
function is changed according to it in case the related function showing the relation between I/O datas 
chooses according to the related function retrieval equipment concerning the gestalt of operation of this 
invention, and its approach so that it is adapted for a I / O data, it becomes that stability and obtain 
efficiently are possible about a related function good in the precision which followed to the theoretical 
constraint which cannot be easily influenced by the quality or the amount of data. And since the variable 
corresponding to said output data of said related function is expressed by the linear combination of the 
function subset which combined the variable corresponding to said input data, and said functional 
element, It is not necessary to perform optimization count of a nonlinear function on the occasion of 
identification of a parameter. The versatility of said related function with the versatility of said function 
subset The time amount taken to optimize said parameter can be shortened without making the 
versatility and nonlinearity of said related function lose, since it is secured. In addition, although 
separate hardware constituted said related function retrieval equipment V and information processor 2, it 
is not restricted to this and you may make it the same hardware constitute said related function retrieval 
equipment V and information processor 2 from the gestalt of said operation. Furthermore, you may 
make it embody the related function retrieval equipment concerning this invention by computer which 
executed the program which described the procedure of the related function retrieval approach 
concerning this invention. Moreover, although the satisfaction level inspected by the function constraint 
inspection means 23 changed the value of said fitness with the gestalt of said operation, it is not 
restricted to this and you may make it said fitness evaluated by the evaluation means 8 choose said 
related function based on said satisfaction level in which the selection means 9 carried out mutually- 
independent, and said fitness, without changing. Furthermore, with the gestalt of said operation, what is 
necessary is just made to inspect said related function [ as opposed to / after inspecting with the function 
constraint inspection means 23 not being restricted to this order and presuming a parameter by the 
parameter estimation means 7, although the evaluation means 8 estimated before selection of said 
related function is performed by the selection means 9 / said theoretical constraint ]. Moreover, although 
decussation and mutation were used, it is not restricted to this and you may make it use other hereditary 
actuation as said hereditary actuation with the gestalt of said operation. Although a kind of mutation has 
twin exchange, it may be made to perform such hereditary actuation. Moreover, although it was 
generating the related function with which it expressed by the linear combination of the function subset 
which combined the variable and functional element corresponding to input data, the function generation 
means 3 is not restricted to this, and it arranges a variable, said functional element, and a parameter at 
random conventionally like equipment 1, for example, you may make it generate said related function 
with the gestalt of said operation. In this case, although there is a possibility that the operation time may 
increase from the configuration of the gestalt of said operation in the case of optimization count of a 
parameter, in order to prevent this, you may carry out making related functions other than the related 
function expressed with the contradiction function count means 6 by the linear combination of the 
function subset which combined the variable and functional element corresponding to input data 
eliminate etc. before optimization count of a parameter. Moreover, although the theoretical constraint 
beforehand given about the deformation resistance in thick plate rolling was imposed in the function 
constraint inspection means 23 with the gestalt of said operation It is possible to impose not the thing 
restricted to this but the qualitative constraint obtained experientially, and for the target event to also 
apply this invention not only about the physical event in thick plate rolling but about other physical 
events and chemical events, a still more economical event, etc. 
[0012] 
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[Effect of the Invention] As explained above by the related function retrieval equipment of a publication, 
or its approach, in any 1 term of said claims 1-4 Since it is judged whether the constraint given 
beforehand is satisfied and said related function is selected according to it, in case the related function 
showing the relation between I/O datas is chosen so that it may be adapted for a I / O data, It becomes 
possible stability and to obtain efficiently about a related function with a sufficient precision according 
to said constraint which cannot be easily influenced by the quality or the amount of data, and with said 
related function retrieval equipment according to claim 3 Since the variable corresponding to said output 
data of said related function is expressed by the linear combination of the function subset which 
combined the variable corresponding to said input data, and said functional element, It is not necessary 
to perform optimization count of a nonlinear function on the occasion of identification of a parameter. 
The versatility of said related function with the versatility of said function subset The time amount taken 
to optimize said parameter can be shortened without making the versatility and nonlinearity of said 
related function lose, since it is secured. 
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* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 
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COMMENTS FOR IDS MATERIALS 



1. Japanese Patent Application Laid-open No. 2001-236338 

This reference discloses a relation-function searching 
device to create an optimized relation-function. A 
relation-function is created as a liner sum of function-subsets, 
which is a set of a parameter and a function element. The 
parameters correspond to input data. Based on the created 
relation-f unctions, an optimized relation-function is 
obtained based on the method disclosed in JP-A- H0944466 with 
consideration given to theoretical limitations. 

2. Japanese Patent Application Laid-open No. H09-044466 

This reference discloses a relation-function searching 
device to create an optimized relation function. 
Relation-function candidates are created as a liner array of 
function elements, variables, and parameters. Based on the 
relation-function candidates, an optimized relation-function 
is obtained by improvement by a genetic algorithm, a 
simplification, selection illogical relation-f unction 
candidates, and an evaluation. The function elements are 
picked up from a function elements file. 

3. Japanese Patent Application Laid-open No . 2000-250603 

This reference discloses an optimization method 
including a basic control module and a correction control module. 
The basic control module determines control output for a control 
object based on predetermined input information. The 
correction control module determines a correction amount to the 
output of the basic control module. The correction control 
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module is optimized by using an optimization method and 
evaluation of a user. A lot of optimization methods for the 
optimization of correction control module are disclosed. 

4. Japanese Patent Application Laid-open No . 2000-315108 

This reference discloses a control system comprising 
modularized programs. 



